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(54) GAS TURBINE DISK MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas turbine disk material suitable for use at temps, ranging from 
ordinary temp, to >500*' 0. so far impossible in the case of a gas turbine disk material composed of the 
conventional 1 2Cr-type heat resistant steel used for operation at about 400*" 0 because decreases 
toughness and high temp, creep characteristic occurs under operation at about 500° 0. 
SOLUTION: This gas turbine disk material has a composition which consists of, by weight, 0.05-0.15% C, < 
0.10% Si, <0.40% Mn, 9.0-12.0% Or, 1.0-3.5% Ni, 0.50-0.90% Mo, 1.0-2.0% W, 0.10-0.30% V, 0.01-0.10% Nb, 0.01- 
0.05% N, and the balance Fe with inevitable impurities and in which respective contents of Ni, Mo, and W 
satisfy the relation of -1.5%<Mo+W/2-Ni<0. 5. By this method, the gas turbine disk material, combining 
superior toughness with excellent high temp, creep characteristic and suitable for use at higher temps., can 
be provided. 
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[ma] t^c7)4 0 o'cg^cT^aiKicisOT^ixi. 1 2 







imi^m *M%fC:0. 05 — 0. 15%, S 
i : 0. 1 0%VXY, Mn : 0. 4 0%lJiT, C r : 
9. 0 — 12. 0%. Ni : 1. 0 — 3 . 5%, Mo : 
0. 5 0—0. 9 0%. W : 1 . 0 — 2 . 0%. V : 
0. 1 0—0. 3 0%, Nb:0. 01—0. 10%. 
N:0. 0 1 — 0. 0 5%^#^L, S^^^FetJj;!/" 

T^iee<j^M*^*^4>^o, Ni. Mo, wio-i-^r 

-1. 5%^Mo+W/2-N i ^0. 5%«Pg 
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[ft^Jll ] Ml:%TC:0.05M).15%.Si:0.10%m 
T.MniO.mi^ilT.Cng.O ~12.0%.Ni:1.0 ~3.5 %,M 
0:0.50-0. 90%,W:1. 0—2.0 %,V:0.10 — 0.30%,Nb:0. 

oi-o.m.Nio.oi M).o5%Sr^*"t, msit^eiiXx/ 

-1. 5%SMo+W/2-Ni^0. 5% 

[11*^2] S^>{caj|%TCo:0.01 -4.0 %,B:0.0 

001 —0.010 %cr)—m±f.zli~m?:i^^LXi-^^Zbi: 

[0001] 
[0002] 

k LXli. ni^t-^m^\,zmhmX'<r>^1xtz^^'mm 

[0 0 03] ClcOia^^'X^J'-b'yT'^f L 
8— 12wt% (OT, wt%S:#tC%i:ia-r) c7)Cr5r-i- 

*-ri.i2criSi]B?»iH, fi?!i;t{fMi52 i^^m^ii. mm-r 

hmi^commmmizn'^) i)<mm$tix\.^^. zcom 
<r)if:x^-\zyf ^ X':^m±. m^is^^^xM'&.^m 

-:>Ti«?ai?u-r?#tt^i^±$-y:. 400 'omx-mm.^ 

too 04] bZ.^X. ifi^, %«r7>'htc:iJV^'C 

ix. ZCOfzl^. 500°Ci:mt^X^X'hmtxfz^V-y 
Sr S ;!5r X - hV r ;^ iJ' *f *<SM $ ix T V % 

[0005] 

;tMi52^t'<7)g!*<^lSCr^RiS9^-C<i. ^xBrC^^mm^ 
•S.. Ltzt'^'oX, :icr>i.r>^£m^(D:ff:^'S'-\Ly'f ^ :x 

9MX'\i^ ^*>^>5oo x:5:msiasiS^T-ca«L 

[0006] *I%BJ{±, ±IE<7)J: 3=5r[B!Mj^Cfc^;^^$ 



mti:it}X9-\iy^'( x^Miim.m'h^Lb^i^mb t 

[0007] 

nmzBni-tmm?:mMM?iLfzmm. iw^oa^^w 
■t^m^^iz^^^tL^mtiXifW}, w<7)#ac7)Mf^ 

[0008] -t^iy-h. 2|s:^H^c7);^'X:5'-b'>'T'-f 

M»%-CC:0.05-0.15%,Si:0.10%OT.Mn:0.40 
%OT,Cr:9.0 — 12.0%.Ni :1.0 —3.5 %.Mo:0.50-0. 
90%, W:l. 0—2.0 %,V:0.10 — 0.30%, Nb:0. 01— 0.10 

%,N:o.oi — o.o5%sr#*L. mm^etixwr-^mm 

^msi)^^}^*). Ni,Mo,W <D-t^m.i}i. 

-1. 5%^Mo+W/2-NigO. 5% 

comm^mfz-fz b ^i^mb ur v^^ . 
[0009] tfz. ±mzm^x , ^ ^>tc, «*%t'c 

o:0.01 —4.0 %.B:0.0001 — O.OIQCO— 
[00 10] 

l^mcommtmmi ±fB<7)j;a^r;yx:?-b'Vr'fX 

^z. M^A-^'yfmm^j:b'<7)m^^mmL. mut 
fzmmzm&txmimm^h. -et-c, mt^titzm 
mi)-f>msL(Dmm.mizxK)mm^im-t^. ^<r>m. ^ 

i.zm^h^j:b<^^xmjtii:m^. \ivs:^~*s-^)v 
'ry^^hmmi.z-th. z.tii,zu\^x. ^^ivf-y)^- 

[0011] bZhX. Wtii<7)-7fl'^y^>! hJMmm 

xit . mt im^mm^^ t ^ ^zmmMJi^^^ k « 

^a^SrlftSL.. $/i>tNit5j:l/Mo, Vf<D^S.(0m9hi: 

^^•t^zbizxK). n-<§iX'c^mtifzn^im^. 

tc. »&TlziHf:h^V-yW8fmm-^i^V-yimm 

[ 0 0 1 2 ] ±ie^ cfc d ic-fb¥fflji£^l5^tfv:a 
*{cot^-ciJiBa-r.g.. Cti. Cr, Mb. vift^-^L-Cig 

ss^^-ftiiii & hbmz. ^u^izi^^ tp^rn 
^^-thitmx'hh . -^^»*>'o.o5wt%*}iiT' 

SC:i:*«t-#^rv^, -t^sh^. -^jv^y^-i hb'f/U^ 
^]S*^'#L<iST-r'i). 0.15wt%$:jlS;cl.-^^r» 
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^^mzh. M-^X. C-^*4<i:0.05~0.15wt%i:-r'i.. 
[0013] SitilBiKffli: LXfm^ti^tiK 0.10wt% 

LXam^tl^^K 0.40wt%c7)-^^r*(CJoV%T-?-OS!)« 

»io.40wt%iaTt-rs. 

[0014] Wd. WBl^bttfcit^^ U-r^Bf^S2r 
12.0wt%^*S;cT-gr*$ti.-i.i:. ^y-r5S»f5S]K 
9.0~12.0wt%i:-r'g., 

[0015] NiJi, ^ttiJ J;t;:-Siaicfc{t-g.fiH42rr6l 

m{±ii'-^r<, 3.5 wt%S:«fC-ir*§^xl>i:, « 

Ni^*M{±1.0~3. 5wt%fc-tS. Mo{±, S^fls^ 

y°m.m^&^\^±^'^?>. t*^L, -i-^M*io.50wt%* 

50M).90wt%i:-r-S.. 

[ 0 0 1 6 ] wji. ^mmmtixt^^ U -nKBrSSmS: 

tfiJiS'lir-STuST'J)-?.. t*-t. 0wt%*M 
X'ii^commih^*):^^ K^^i^. ^Jt. -i-*S*i2. 0 

h*^^ai-raSix*%S= ^a!-:>T. W^^rl:{il.0~2. 

owt%t-t'i.<. v(i:, ViC^bLxmmimm.L, 

t , if^mm. 10wt%5fe1|-e<i-?-<7)Sftm*«^3J-T'=5r < , 
tfz. 0.30wt%S-Si.S-^^r»T'{i, :SB#Sfi6ffl4't:^ 

r>X. V-^«-«i:0.10~0.30wt%i:-rS, 
[0 0 17]Nb{j:. Vi;|S]^lZ^-fb% (NbOSrJgfigL. 

/i, 0.10wt%5:iS;t|.-^^i-C«±. 1100-Cc7)^^ajgT 

fi!r)r. Nlx^*-«t40.01~O.10wt%J:-r€., 

[ 0 0 1 8 ] N{4, aiS^j^^^' iJ-rgE8lr^Sc^[6]± 

L*>L, -^*a*«0.01wt%*Jf|-C{4'5-c7)JS^{i3fe 



**ffiT^-i. . r , N#^r»(±o. 01-0. 05wt% i: -r 

S , ^rti , ±1 B«?5^^)-iO 3 % . Mofc J: l/^Wti i: i> izmiSi 

^ u-m^i:m±^^^7mxhtifi. -t^i^^K 

[0019] -:^r, #{-Ni Sr-^^^-^r-g. d T-i!ltt*-'(S] 

J; -SaS:? U -r:^<7)rBlJ:^«*<S=5:t)a& . 

oT, ::iX^>Ni.Mo,W(?D-t-^r» (wt%) (COV-^Tti, $ 
^{C-1. 5%Oo+W/2-NigO. 7%coraf^Sr}1lf^-r<i: 

o fcf ^ t *«^^^^•e$>-s . -i. 5*}ii«o«-&{4^ i; - 
vimmfs.i}^^'7tx'^j:<. tfz. o.7^mii>m^izit 

[0020] Ni ,Mo,Wc:0-t-**?:±iScOj: d Iz^&tt 

^m^-o. m^M^witt^xx/m^mmzwmm^Ri^^f 
-^^^ittimmnt. msi}^ei5ix^^mmzmxL 
^tttti,cr>(7). zixhcn7miimmt:m<Lxmmm 

[002 1 ] a±<^j: 0 i.zit^i^^^mm'hbmz. 

#lCNi, Mo.WcO^-i-^ritCOV^-C, -1.5%^Mo+W/2 

-Ni SO. 7 %tora^sr)iifc-ri a tc^sr i. C: i: i 
^3!)^'i»±^ti.. 500 °c^mx.h'^mLX'^^<r>9^)- 

[0022] ±fBffl^C, HUieU/clffiHcOCo. B 

<7y-mt.tz\i-m^^(:>\,z^^^'^h:ibX\ ^ty^zm 
^'!'^)-yW&.^^±.^'thZbtl^mX'hhifi. CO 

mz%w^(r>hh7mx'h^ . t*-L. #^r»*^'o.oiwt% 

3, tJ!-5T. Co-^*il40.01~4. Owt%i:-r-l., 
[0023] B(4. itffl^fiJgfcitA'^ U-r^a)f^Jg$r 
I. TEST'S) -I.. tA»L. -^^-iAJO.OOOlwt^^^iST' 
{4-e«7)S&«(4/jN$<. 0.01wt%$-«8x-C-&*?n 

hbmmumzm^m^mx^ . vt-ox. B^^mii 

0.0001~0.01wt%i-r.&. ZCOXd^j:^fl(.^m.mX\ c 
0, B^-mitziiZM^^i^lZ'^^^-^&ZbX\ ^ 
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[0024] 
( 1 ) 

it^m^i^<r>mx\ ^^m(r>mmmxh'o. no.bi ~ 
N0.B4 i,t±si(r>m.mizm^L^\''>mm<r>itmtx'hh, 
mz. No.Bi i±mm:^'x^-t'yi>zmm^ix.x\>'^tm52 
m^mx'h^. 



[0025] zti(:>a)mmii . ^ti^'tiM^mmmiz 
X ->x 1 ^A—v-'^^c ow-gokg-fo^jBt^cf*. m& 

LTSi:^fcL/i. ^(T)^. ?r 1200-900 'CO^ 

lffiHT'ic#LrilOnmi X llOnmX 400nuni7)®^^r$:f^ 
iix^.^«tc<}:c7)ilfeJ(ia^J£L!t. 10 
50"CTmiaJO«ft«»LT5j--X7^-:h'f b-fbSrtToit 
f*. «l¥500iiiiD Ot-' -f X :^ ^\m.X L/i t # C0^C04"C^ 

tT 550°C-C'15^^ffiJt^^f-5f>:m, 550 ~ eSO'CT^S 

[0026] 

[IS1] 
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( wt^ ) 










No+N/2-Ni 
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S j 


Mn 


Cr 


N i 


Mo 


W 


V 


Nb 


N 


Co 


B 


Fe 




AT 


0.12 


0.05 


0.05 


10.41 


2.97 


0.70 


1.B1 


0.20 


0.056 


0.025 








-1.36 




A2 


0.13 


0.05 


0.(6 


10.41 


2.96 


0.70 


1.82 


0.20 


0.057 


0.028 


168 










A3 


0.13 


0.05 


0.05 


10.43 


iS5 


0.69 


1.80 


0.20 


0.055 


0.025 




0.0040 




-1.36 




A4 


0.13 


0.05 


0.05 


10.55 


3.00 


0.70 


1.81 


0.20 


0.(S6 


0.025 


3.73 


O.IHQO 




-1.40 


AS 


Q.12 


Q.(£ 


0.05 


10.61 


1.01 


0.70 


1.82 


0.20 


O.OS 


0.026 


3.73 


0.0042 




0.60 




AE 


0.12 


0.(£ 


0.05 


10. 70 


2.03 


0.71 


1.82 


0.20 


0.056 


0.025 


3.73 


0.0030 




-D.41 


A7 


0.13 


0.05 


0.06 


10.35 


2.37 


0.67 


1.77 


0.20 


0.055 


0.027 


0.11 


0.0002 




-0.82 




A8 


0.12 


0.D5 


0.05 


10.33 


2.47 


0.5B 


1.74 


0.20 


0.054 


0.026 


2.47 


0.0042 




-0.92 


0« 


B1 


0.11 


0.02 


0.03 


11.57 


2.72 


1.73 




0.30 




0.028 








(-0.M) 


B2 


0.12 


0.05 


0.05 


10.12 


0.09 


0.65 


1.71 


a 21 


0.055 


0. 026 








1.42 


B3 


0.12 


0.0B 


0.(E 


10.20 


0.78 


0.67 


i.ro 


0.22 


0.tK 


0.Q2S 








D.79 


B4 


0.11 


0.05 


0.05 


10.15 


3.70 


0.70 


1.81 


0.20 


0.058 


0.026 








-2.10 



[00271 ( 2 ) ^iPttlSK 
( a ) v-A-ZH^-Sf^gSil 

WMW^^SiS. (FATT : Fracture Appearance Transition 
Teii«>erature) Srt^TfFfflBLTt. i-f. kM.^'SkW^ 
JiS4#2iiimvy«yf-v-v;Hf-l«®ifrSr-eix-en 
SaXL. ^ix^>{cMtTMii?aS20"'C{cJ3V^Ti^-v;l^b' 

i^, w^4m.^^Lxm^L^'^^^. #*5s: 



§l3filS®i-C«a^^^t;t0.2%W:»3i3J:t^?ra$t. « 

[0 0 28] (b) iSjai?'J-TftS» 

-rwst®^Sr^f-?/i« ^(nwmzi.'^x^^hiotd-z 5 

00°C-50kg/iiuB2T'CO^ !J-rS6l)fB#raSr*2 tc^LTV^ 
[0029] 
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Ckg/nn^] 






FATT 

rc] 


50lfC-^g/iire' 




A1 


102.3 


118.7 


22.5 


-BO 


1520 
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103.1 


121.9 


23.9 


-57 


2430 


A3 


103.9 


121.4 


2B.7 


-70 


Z715 




A4 


ma 


125.2 


21.0 


-70 


S3S 




A5 


105.0 


125.3 


22.0 


-2D 


1450 
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A6 


105. E 


125.7 


a.8 


-35 
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108.1 


121.7 


a. 7 


-27 


2(QS 




A8 


107.6 


123.7 


16.5 


-3D 


3^ 


jt 
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B1 


101.9 


114.3 


18.0 


-35 


398 


B2 


97.1 


115.0 
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110 


1525 


B3 


99.7 


116.8 
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45 


957 


B4 


1D1.2 


121.D 


26.7 


-79 


568 



[00301 ( 3 ) !ftttfP«f4« 

^ra{i398 ^ia(c:jii#'^(rv^. ZtHzMV. No.Al T'ti. 
«RlRj:;tx;l/^-. FATTcO##tt5W<o. Bl J:'3tf6l±L, 

No.Al iOffl^^No.Bl i:mL7ti;^cO±'5rffla{±. Nb 

(003 13 — Jt^No.B2 ~No.B4 cOfflffeJi, N 
o.Al tCitt, ±fcNi<0#W»*>'ffl®rSti^T-«>.&. 

Zil^fio.B2 — NO.B4 i>J;t/±iEL7tNo.Al 0#tfttfp 

• FATT) i3i^ifzm±-t^Rm. ^<r>m.i)'^miz 

^4 i: . No. 84 « J: 3 tc. ^ffl:? U -T#l4*«a^riDir 

[00 3 2] L-JtA^oT. A»'5r«iS:?'J-7°!tttti:l^ 

*ltc{±, Mo.W.Ni CO«--^^rfi: (wt%) tCjktL, Mo+W/ 
2 -NicofULfii (OT. mmt\^o) 2:#iBLTv^S, 

i<7)Diffl*iO. T^Sx^tiT) (No.B2,No.B3 ) T1iS!14 
*^'<STL, -1.5J;0i>W^$V^tiO (No.B4)T(iiSia:7 

i^f^t^-ox. Mo.w.Ni co=s-^^r 
«<^sic, -1.5 %^Dm^o.7%<mmimfz-tmM 



[0 03 3] miiCt3\>^X. N0.A2 fi. No.Al IZ 

ML. ^t>l,ZCoimsaLtl)^tiK tfz. No. A3 UBi-m 
iaVtzj^ijK N0.A4 {iCoi:Bi:coM*S:^DL/2^*^\ 
-5-ix-?'*i.±=5rffla^T*) S . ^: J: 3 tcBf ^*<7)Co^ B 

(c. No.Al i:p]mUiOffiix/^^ia®tt*iiMI^$ix. L 

[0 034 3 No. A5,No.A6 (i, No.A4 <7)S^(c;^:t Ni 
iO-t-WMS:^^^^< L. No. A7. No. AS ji. $^»CMo.W 

'otH>ii2t:^^-1.5 %SDifflSO. 7%c7)llf^2r}1fJi.tT 

v^^. mco-ts'^mzf^txm'SE. (fah) 

«2a^U-r^^{i. No.Bl tlfcALttSStcm^^tcT) 
[003 5] 

{CNi 2:1.0 —3.5 Mo$r0.50— 0.90%, W§rl.O —2. 
0 %-i-*L, Ni.Mo t5j:t^W(7)-i'*»**-1.5 % 

sMo+w/2 -Nis o.ixcomi^^mfi-rmmzx'o . ^ 
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